INTRODUCTION
============

Asymmetry in movements and strength are common since most of the people have both the dominant and nondominant sides with different rate of utilization of either side ([@b30-jer-16-1-58]). Evaluation of the asymmetric movements between two equivalent sides may provide vital information of the physiological state of a person. For example, comparisons between the strength of the quadriceps and hamstrings have utilized to predict possible fall in the frail or old people populations. Asymmetric balance also has been related to deter of the functional performance in the athletes ([@b10-jer-16-1-58]; [@b15-jer-16-1-58]; [@b18-jer-16-1-58]; [@b25-jer-16-1-58]; [@b30-jer-16-1-58]). In addition, the comparative asymmetric results between the left and right sides of the body also have been used to observe or prevent progression into worsening of pathological disorder of the musculoskeletal system ([@b7-jer-16-1-58]; [@b10-jer-16-1-58]; [@b15-jer-16-1-58]; [@b18-jer-16-1-58]; [@b19-jer-16-1-58]; [@b30-jer-16-1-58]).

Functional deterioration with dyskinesia has been previously reported especially in the old people with history of cognitive event such as stroke. It may be important to obtain proper balance between the movements of the left and right sides of the body with equilateral strength and motion to maintain functionality in the old people. Progressively decreasing activity level with ongoing deterioration of various bodily systems including neurological and musculoskeletal systems may lead to greater asymmetry in balance between the equilateral sides of the body in the old people with previous neurological event especially stroke. Various reports on the old people have been shown to maintain or even improve deteriorations of the bodily systems through properly and regularly performed physical activity that includes both aerobic and resistant exercise regime.

Participating in proper regime of physical activity regularly has been known to be vital. Clinics may instruct on the proper performance posture to the patients. However, the patient follow-up rates to the clinics that provide customized exercise program based on assessment results have been reported to be slow ([@b23-jer-16-1-58]). Although supervised exercise is more effective, it may be more practical to provide effective home exercise training methods that could be easily utilized by the old people with history of brain lesion ([@b23-jer-16-1-58]; [@b26-jer-16-1-58]).

Utilizing a mirror for providing information for proper movement during various physical activities has long been recommended. Despite of its popularity in various fitness settings, there have been mixed reports on the advantageous nature of the mirror on the motor performance ([@b8-jer-16-1-58]). For example, a study which observed balance exercise in the old people did not show considerable improvement in balance ([@b27-jer-16-1-58]). Due to the mixed results on the mirror feedback, it may be necessary to observe the feasibility in the old people with mild cognitive impairment ([@b4-jer-16-1-58]).

Therefore, the aim of the study was to compare and observe commonly practiced strength exercise that the aged people with previous cognitive event of stroke could use regularly in a manner that provides feedback for balanced exercise motions. Mirror exercise has been utilized to provide feedback to the exerciser oneself for improving neurological function with balanced usage between the left and right sides of the body. In this study, one of the most commonly practiced exercise regime, lateral raises, were conducted by body upper limbs in a synchronized fashion with and without the mirror feedback during exercises ([@b11-jer-16-1-58]; [@b15-jer-16-1-58]). Performance was assessed by comparing synchronized motion between the left and right limbs by angle (°) for the positional comparison and angular acceleration (°/sec^2^) for the motion comparison.

MATERIALS AND METHODS
=====================

Subjects
--------

The study purpose and procedure were performed according to the Declaration of Helsinki. The subjects were recruited through person-to-person referrals. Prior to the tests, all participants were fully informed of the purpose and procedure of the experiment. The subjects gave verbal and written informed content to participate in the study. In addition, the subjects with excessive or clinically diagnosed shoulder pain were excluded. The Korean Mini-Mental State Examination (K-MMSE) test scores, the subjects with K-MMSE scores between 19 and 23 ([@b4-jer-16-1-58]) were selected. Twenty-seven, seven males and twenty females, aged between 65 to 82 years with mean age of 68±6.34 years and mean body mass index of 25±4.37 kg/m^2^ participated in performing the lateral raise with two dumbbells held on both hands. The subjects regularly participated in low-intensity physical activity 3.1± 1.12 days per week and 34.3±19.31 minutes per day on the average. The pain scale was 7.0%±9.11% and the disability scale was 2.3%±4.4%. The average dominant handedness score was 9.2 out of scales from −10 to 10. The line bisection test showed right-sided bias results as with previous stroke patients ([@b12-jer-16-1-58]). All participants were right-handed. As for the negative and positive values in the dominant handedness score, the positive values indicated right handedness and negative score indicated left-handedness.

Experimental procedure
----------------------

The lateral raises were utilized in this study as the exercise method according to previous study ([@b21-jer-16-1-58]). The rate of perceived exercise or rating of perceived exertion (RPE) was asked from the subjects immediately after performing lateral raise for the subjective intensity of the exercise with Borg scale ranging from zero to 10 ([@b1-jer-16-1-58]; [@b21-jer-16-1-58]). The subjects were given instructions to restrain from excessive physical activity and consumption of meal since a day prior to the assessment.

Questionnaires
--------------

Just prior to the assessment, the subjects were asked of information that included date of birth, bodily weight (kg), and height (cm). In addition to the general inquiry on the physical status, medical condition, current health status, and performance of regular exercise were asked. Additional inquiry on the dominant hand, shoulder pain, line bisection test, and disability status were also made. Mental status by K-MMSE was also given to assess the cognitive health status of the subjects as previously conducted to assess mild cognitive impairment ([@b4-jer-16-1-58]; [@b9-jer-16-1-58]; [@b13-jer-16-1-58]). The Shoulder Pain Disability Index (SPADI) was used to assess the shoulder pain and disability ([@b21-jer-16-1-58]). The subjects with excessive shoulder pain were excluded based on the interview and SPADI scores (\>13 points) ([@b24-jer-16-1-58]). The Edinburgh Inventory tool was used to assess dominant handedness ([@b22-jer-16-1-58]). All subjects showed right handedness ([@b28-jer-16-1-58]).

Exercise performance
--------------------

Prior calculation of one-repetition maximum (1RM) was made based on the reports of prior studies ([@b5-jer-16-1-58]; [@b12-jer-16-1-58]). The trial-and-error method was also applied to reflect the actual dumwbbell weight appropriate for each subject ([@b5-jer-16-1-58]; [@b12-jer-16-1-58]). Low intensity (40% or less of 1RM) was applied as the intensity of the resistant exercise and the lowest dumbbell weight of 1 kg per arm was given to all subjects.

Just prior to the lateral raise test, the subjects were given the dumbbells for familiarity of the dumbbells. The assessor explained and showed each subject of the proper abduction and adduction motions of the lateral raises as previous studies ([@b1-jer-16-1-58]; [@b12-jer-16-1-58]). Each subject was asked to perform the same lateral raise motions to prevent injury or abnormal motions during actual assessment. The subjects were asked to slowly raise the dumbbells on each hand at same slow and synchronize manner without a jerking motion. The lateral raises composed of abduction and adduction motions were asked to perform at least 10 times. The subjects were informed to terminate the lateral raises voluntarily anytime they feel that they are unable to continue with the motions. The Borg scale (RPE: 1 to 10) was also used to assess the perceived intensity ([@b12-jer-16-1-58]).

Each subject was asked to stand up-right behind the predrawn line on the floor. Mirror was not utilized for the first nonmirror feedback trial. As for the second mirror feedback trial, procedure was conducted as reported by previous study ([@b8-jer-16-1-58]). A full-body sized mirror was placed 1 m away from the subject for a full-body observation by the subjects.

Motion assessment
-----------------

Previously evaluated set of devices for reliability composed of two synchronized sensors was used to the assessment ([@b31-jer-16-1-58]). Two synchronized devices that are connected to a computer were attached to distal ends of both the left and right radioulnar joints. The devices simultaneously retrieved and sent the movement information to the computer via Bluetooth by obtaining the initial angle (°) and acceleration (°/sec^2^) every tenth of a second ([@b12-jer-16-1-58]). As for the purpose of the study, the minimum (starting position of lateral raise), maximum (ending position of lateral raise), and 45° angles (°) and accelerations (°/sec^2^) were selected for the comparative analysis ([@b12-jer-16-1-58]).

The first trial of the lateral raises was conducted without observing the reflection of the subject self. Seven days were given to each subject prior to conducting the second bout of exercise with mirror for mirror feedback of the exercise performed. Identical procedural protocols were applied for the second assessment trial ([@b13-jer-16-1-58]).

Statistical analysis
--------------------

The sample size of the study was initially determined using previous studies for performing lateral raises. The normality assessment was first performed via Shapiro--Wilk test prior to the performing comparative analysis. The initial assessment test indicated normal distribution of the obtained data. In order to compare two sets of data, One-way analysis of variance was performed. The results were given in means with standard deviations. Statistical significance was accepted for the *P*-value of 0.05.

RESULTS
=======

The assessment results were compared between left and right upper limbs. One set of results was with the mirror feedback and the other set of results was without the mirror feedback.

The nonmirror feedback comparisons showed significant differences toward the end of the adduction motion of 45° (48.96°± 8.48° vs. 43.40°±7.18°, *P*=0.03) and end of the adduction motion (6.76°±5.46° vs. 10.80°±4.62°, *P*=0.02). In addition, although significance was not shown (*P*=0.07), the greatest angular difference was shown at the end of the abduction motion of 90°. As for the acceleration comparisons (°/sec), significant difference was shown between left and right throughout the lateral raise motion. At the start of the abduction motion, the right side accelerated significantly faster than the left side (0.68±0.47°/sec^2^ vs. 1.26± 0.47°/sec^2^, *P*\<0.01). The end of the abduction motion sides (2.98± 1.35°/sec^2^ vs. 2.17±1.06°/sec^2^, *P*=0.04) and adduction motion (0.76±0.49°/sec^2^ vs. 1.18±0.34°/sec^2^, *P*\<0.01) also showed significant differences between the two sides.

The mirror feedback comparisons of the position by angles showed significant difference between the limbs at the start of abduction motion (9.05°±2.94° vs. 12.45°±5.41°, *P*=0.02) ([Table 1](#t1-jer-16-1-58){ref-type="table"}). As for the acceleration of the limbs, the two sides showed significant difference at the end of the adduction motion (1.17±0.39°/sec^2^ vs. 0.77±0.46°/sec^2^, *P*=0.01) ([Table 2](#t2-jer-16-1-58){ref-type="table"}).

DISCUSSION
==========

Comparative differences in strength and motion of coronary or sagittal halves of the body have long been utilized to predict further functional disability or development of musculoskeletal disorder. Such asymmetric musculoskeletal problems could worsen through various internal and external factors such as personal movement habit, incorrectly performed exercise, posture, neurological dysfunction, or aging. Imbalance between the sides may further aggravate the existing problem to accelerate the asymmetry between the sides. In order to prevent and properly manage the development of such imbalance, correct assessment with optimal exercise protocol could be recommended.

In order to provide an optimal method for home exercise, mirror feedback method was compared to regular exercise regime without the mirror feedback in the old people with history of stroke. A stroke event may led to a permanent lesion in the hemisphere. It would affect neurological and musculoskeletal system and further worsen the dysfunction related to the systems ([@b3-jer-16-1-58]; Nijboer et al., 2013). Lateral raises were performed by the subjects and the motions were recorded by position and acceleration. The comparative results showed that the significant differences in position and motion were shown while the subjects were not provided with the mirror feedback of their motion.

Previous study on the comparison between the left and right upper limb motion by lateral raises show that the starting position and the final position of the abduction motion showed greatest different difference in motion between the limbs ([@b12-jer-16-1-58]; [@b13-jer-16-1-58]). The results of this study also showed significantly different position and motion during such locations. Such dynamitic motion during the initial and final phases of the motion was also reported in previous studies ([@b12-jer-16-1-58]; [@b30-jer-16-1-58]). The range of motion was greater for the nondominant arm or the left arm than the dominant right arm for both results in this study. Previous study also showed greater minimum and maximum ranges of motion despite the instruction to start at 10° from the body and end at 90° or parallel to the shoulder line ([@b12-jer-16-1-58]; [@b13-jer-16-1-58]). Such results may be due to the better dexterity with greater control of the dominant side than the nondominant side ([@b2-jer-16-1-58]). Such comparative differences were also shown with the acceleration of the limbs ([@b12-jer-16-1-58]; [@b25-jer-16-1-58]).

Greater changes in motion were shown during the end of the abduction motion or at the 90° point when the raising motion of the limbs was terminating. In addition, the speed either accelerated or decelerated more in the dominant arm than the nondominant arm in both assessment results. Such results were also shown in previous studies. Previous studies explained phenomenon with the speed and accuracy trade off. Superior ability to control the motion by the dominant side allowed small sacrifice of accuracy to obtain speed. Previous studies explained of better dexterity of the dominant side by the usage rate of the dominant side with greater torque efficient movements for greater accuracy and control ([@b15-jer-16-1-58]). Greater dexterity of the dominant side may be supported by various factors such as greater strength, power, and coordination ability of various segments of the body in addition to motor control ability ([@b6-jer-16-1-58]; [@b20-jer-16-1-58]; [@b25-jer-16-1-58]; [@b29-jer-16-1-58]).

As for the mirror feedback to nonmirror feedback comparisons, the results of this study showed that the mirror feedback method provided comparatively stable motions during the abduction and adduction phases of a full lateral raise. The overall mean differences of the angle by position and motion by acceleration of the mirror feedback method were comparatively less than the non--self- feedback method. Significant differences were shown more for the comparative results of the nonmirror feedback method. Such results of the study indicate using a mirror during the lateral raise exercise lead to less asymmetrical movements by location and motion. Such improvement in movements using the mirror feedback method has been reported in previous studies with old aged groups with various cognitive complications ([@b14-jer-16-1-58]; [@b16-jer-16-1-58]).

Observational studies reported of excitability of the primary motor cortex during mirror therapy via functional magnetic resonance images indicating positive stimulation in those with cognitive disability ([@b14-jer-16-1-58]; [@b17-jer-16-1-58]). Age-related deterioration lead to reduced motor coordination ability in older adults. Muscle atrophy with neurological deterioration has been reported to accelerate with the progression of aging. Therefore, such deterioration accelerates with a stroke event. Participation of regularly performed physical activity including resistance training has been reported to maintain or deter progression of such musculoskeletal deterioration with activation of the neurological motor function. However, proper exercise is recommended to prevent imbalance between two sides of the body especially in the early phase of the musculoskeletal abnormality to prevent progression into clinical state of dysfunction ([@b15-jer-16-1-58]; [@b18-jer-16-1-58]; [@b30-jer-16-1-58]). The self-feedback method provided better control over the limbs to reduce positional and movement differences between the two sides. Therefore, based on the results of this study, old people with mild cognitive deterioration or lesion such as by stroke should utilize self-feedback method by utilizing a mirror to reflect their motion during resistant training.
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###### 

Comparisons of the location by angle (°) of the left and right limbs during abduction and adduction motions

  Fixed angles (°)                 Left limb (°)   Right limb (°)   Mean differences   *F*    *P*-value
  -------------------------------- --------------- ---------------- ------------------ ------ --------------------------------------------------
  Mirror feedback comparisons                                                                 
   Start abduction                 9.05±2.94       12.45±5.41       −3.40              10.9   0.02[\*](#tfn2-jer-16-1-58){ref-type="table-fn"}
   45° abduction                   34.95±0.56      34.95±9.01       −3.98              45.5   0.06
   End abduction                   94.21±11.04     92.35±9.34       1.85               0.5    0.57
   45° adduction                   44.69±0.61      47.66±11.61      −2.96              18.2   0.26
   End adduction                   7.60±11.61      9.96±4.77        −2.36              1.9    0.17
                                                                                              
  Nonmirror feedback comparisons                                                              
   Start abduction                 9.92±4.69       11.59±4.53       −1.67              0.12   0.26
   45° abduction                   38.47±6.99      35.42±6.01       3.05               1.4    0.15
   End abduction                   90.38±7.11      96.18±11.95      −5.81              8.4    0.07
   45° adduction                   48.96±8.48      43.40±7.18       5.56               0.4    0.03[\*](#tfn2-jer-16-1-58){ref-type="table-fn"}
   End adduction                   6.76±5.46       10.80±4.62       −4.04              0.6    0.02[\*](#tfn2-jer-16-1-58){ref-type="table-fn"}

Values are presented as mean±standard deviation.

*P*\<0.05.

###### 

Comparisons of the motion by acceleration during abduction and adduction motions

  Fixed angles (°)                 Left limb (°/sec^2^)   Right limb (°/sec^2^)   Mean differences   *F*    *P*-value
  -------------------------------- ---------------------- ----------------------- ------------------ ------ ----------------------------------------------------
  Mirror feedback comparisons                                                                               
   Start abduction                 1.09±0.41              0.85±0.65               0.24               5.0    0.17
   45° abduction                   1.23±0.83              1.40±0.77               −0.14              0.4    0.58
   End abduction                   2.72±1.43              2.46±1.12               0.25               1.3    0.54
   45° adduction                   1.50±1.00              1.04±1.04               0.47               0.5    0.16
   End adduction                   1.17±0.39              0.77±0.46               0.40               0.8    0.01[\*](#tfn4-jer-16-1-58){ref-type="table-fn"}
                                                                                                            
  Nonmirror feedback comparisons                                                                            
   Start abduction                 0.68±0.47              1.26±0.47               −0.58              0.2    \<0.01[\*](#tfn4-jer-16-1-58){ref-type="table-fn"}
   45° abduction                   1.18±0.71              1.44±0.87               −0.26              10.0   0.30
   End abduction                   2.98±1.35              2.17±1.06               0.81               3.1    0.04[\*](#tfn4-jer-16-1-58){ref-type="table-fn"}
   45° adduction                   1.37±1.28              1.17±0.73               0.20               3.0    0.56
   End adduction                   0.76±0.49              1.18±0.34               −0.43              3.2    \<0.01[\*](#tfn4-jer-16-1-58){ref-type="table-fn"}

Values are presented as mean±standard deviation.

*P*\<0.05.
